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Experimental And Numerical Analysis Of 
Propagation Of Stress Wave In Sheet Metal 
 
Dr. Shantharaja M., Mr. Sandeep G. M. 
 
Abstract: In this experiment on the propagation of stress waves on sheet metal of different material andtheir effect of casing is studied and reported. 
Steel and aluminum are the two different types of materials which are considered and instrumented with the strain gauges. Metal foil gauges are most 
commonly used to measure the strain accurately. It is then externally impacted by the ball pane. The output that is obtained is in the wave form and is 
stored in the oscilloscope. The stress waves are induced in sheet metal, due to the impact of ball pane. The amplitudes of stress waves which are 
obtained from the oscilloscope, are studied and to determine the velocity of stress wave propagation and damping capacity of the material. Propagation 
of stress waves are obtained from the experimental and numerical methods are then compared it with the analytical methods. 
 
Index Terms: ABAQUS Explicit, Propagation of stress wave, Impact loading,Sheet metal, Strain gauges, Stress wave, Wave interaction. 
———————————————————— 
 
1 INTRODUCTION 
In recent years, propagation of stress waves is of 
fundamental importance in modern technology because it 
provides the primary means for the non-destructive 
examination of defects and in-homogeneities in opaque 
materials and it is the only means for studying the response 
of materials under the dynamic loading conditions which 
are associated with impact and explosions. Current work 
being performed to obtain dynamic response of material 
subjected to loading. In rigid body dynamics it is assumed 
that, when a force is applied to a point of a body, the 
resultant stress set every other point in motion 
instantaneously, and the force can be considered as 
producing a liner acceleration of the whole body, together 
with an angular acceleration about its center of gravity. 
However here we are considering the effects of forces 
which are applied for only very short period of time, which 
are changing rapidly the effects must be considered in 
terms of propagation of stress waves. The required 
experimental apparatus and construction are discussed in 
the further sections. It is the continual propagation and 
reflection of waves in a bounded solid that brings about the 
state of static equilibrium. We study the surface wave 
propagations along a sheet metal of length with thickness 
having different material, experimentally. Electrical 
resistance strain gauges are used as a sensing element 
with necessary instrumentation so that the stress waves in 
sheet metal can be detected and analyzed. 
 
 
 
 
 
 
 
 
 
2 METHODOLOGIES 
 
2.1Experimental 
Two types of sheet metals will be considered, namely a 
Mild Steel and aluminum sheet metal, both with length & 
breadth 0.2m. The mild steel sheet metal has Young’s 
modulus E = 200 GPa, Poisson’s ratio (ϑ) = 0.30, density ρ 
= 7850 Kg/m3 and thickness of 0.001. The Aluminum sheet 
metal has Young’s modulus E = 70 GPa, Poisson’s ratio (ϑ) 
= 0.33, density ρ=2700 Kg/m3, and thickness of 0.001m. A 
hardened steel ball is used as a striker to impact the sheet 
metal. Strain gauges are mounted on each of the sheet 
metals at a distance of 50mm from the center of the sheet 
surface to record the incident wave. In each experiment 
stress/strain with respect to time will be recorded at the mid 
position of the sheet metals. The strain will be calculated by 
strain gauge which will send a voltage versus time signal to 
oscilloscope as it experiences strain. 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Experimental & strain gauge setup
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2.2Analytical Method 
In this method we calculate the wave velocity and value of 
stress wave transmitted, reflected and induced. The 
longitudinal waves are transmitted, reflected and refracted 
at the boundary. Wave propagates along a cylinder with 
cross-sectional area A in a medium with a wave velocity 
(C), particle velocity (Up) and stress (σ). 
 
Incident Stress σT = ρ C Up  
 
The effect of reflection, refraction occurs when the wave 
encounter a medium with different sonic impedance. The 
impedance is defined as the product of the medium density 
by its wave velocity. The longitudinal wave encounters an 
interface, with the formation of reflected and a transmitted 
wave. At the interface, we consider to be in equilibrium 
under the three stresses σI (incident), σR (Reflected) and 
σT (transmitted) [1]. 
 
We have 
 σI + σR = σT  
 Particle Velocity   Up =   {2gl  1 − cosα }  
 Transmitted stress    
σT
σI
=
  2ρ2C2A1
ρ1C1A1+ρ2C2A2
 
 Reflected Stress     
σR
σI
=
ρ2C2A2 − ρ1C1A1
  ρ1C1A1+ ρ2C2A2
 
 
Table – 1: Terminologies 
 
Symbol Quantity Units 
σI 
Stress produced due 
to impact load 
N/mm2 
σR 
Stress produced due 
to reflected waves 
N/mm2 
σT 
Stress produced due 
to transmitted waves 
N/mm2 
ρ 
Density of the 
material in 
Kg/m3 
Up Particle velocity in m/s 
A 
Area of material in 
contact 
m2 
C wave velocity m/s 
   
 
2.3 Numerical Method 
The Numerical analysis is simulated by commercial 
available ABAQUS solver. The propagation of stress waves 
is simulated by creating a model to the required dimension 
using ABAQUS. This process involves assigning a material 
property for the created model. The models are then 
constrained by applying load and the boundary conditions. 
Meshing is done where the model reduces its degree of 
freedom from infinite to finite number of elements with the 
help of discretization. The output file generated when the 
complexity of the problem being analyzed and completes 
an analysis run. We evaluate the results once the 
simulation has been completed and the displacements, 
stresses or further fundamental variables have been 
calculated. The evaluation is generally done interactively 
using the visualization module of another postprocessor. 
The displaying results, including colour contour plots, 
animations, deformed shape plots and X-Y plots.Create 
amplitude under the pressure load at any given time in the 
specified magnitude of the pressure load and time value is 
interpolated from the amplitude curve. The time/frequency 
of 0.018 is set with an amplitude range 1. The pressure 
load is applied as the step to the front surface of the 
circular section of the model by selecting the pressure type 
of load with a uniform distribution having a magnitude of 
48.85 Pa (for Ѳ=60
0
). 
 
 
 
 
Fig 2.Finite element result for steel and aluminum sheet 
respectively 
 
3 RESULTS 
Measurements were carried out by impacting the Mild 
steel/Aluminum sheet metal with a ball pane. The stress 
waves generated propagate along the sheet metal and die 
out over a few cycles of motion. The strain gauge bridge 
output was processed by the amplifier and the output was 
captured on a storage oscilloscope. Several such 
experiments were conducted and all these stress pulse 
were of the same shape but with slightly varying 
amplitudes. The output obtained is as shown in Fig. 3. A 
trace ofstress waves obtained during the experiment with 
the storage oscilloscope is as shown below. The X (time) 
and Y (voltage) axes sensitive are also shown in same fig.3 
 
 
 
Fig. 3 Graph of propagation stress waves in steel sheet 
metal 
 
The signals obtained from the experimental and numerical 
method are similar in nature, but we see a lot of variation in 
the magnitude because of the human errors while applying 
the load, bonding and selection of electrical resistance 
strain gauges and incapable of reading exact values of 
graph. The nature of signals will depend upon the material 
impedance and geometrical impedance such as by 
considering the load applied on the Mild Steel where the 
incident signal are compressive in nature as seen in the 
Figure 3. The wave travels further and enters the casing as 
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transmitted wave with a lesser magnitude due to the 
geometrical impedance, where certain amount of energy 
reflects back as a reflected wave. The results obtained from 
the analytical method for mild steel sheet are: σI = 2.687 
N/mm2, σT = 4.538 N/mm
2and σR = - 1.811 N/mm
2 are then 
compared with the numerical method σI = 2.488N/mm
2, σT 
= 4.017N/mm2 and σR = - 2.674 N/mm
2and experimental 
method. The results obtained from the analytical method for 
aluminum are: σI = 0.932 N/mm
2, σT = 3.523 N/mm
2 and 
σR = - 0.258 N/mm
2 then compared with the numerical 
method σI = 0.911 N/mm
2, σT = 3.078 N/mm
2 and σR = - 
0.307 N/mm2 and experimental method. 
 
 
 
Fig. 4 comparison of propagation stress waves in steel 
sheet metal 
 
The impedances of the material - ρC product determine the 
amplitude of transmitted and reflected signals. A pulse of 
the same sign as the transmitted signal is reflected. In the 
numerical method signals are having sharp edges because 
of smaller elemental length of 0.5mm compare to 
experimental values where the gauge length of the strain 
gauge is about 5mm.  In the numerical method signals are 
having sharp edges because of smaller elemental length of 
0.5mm compare to experimental values where the gauge 
length of the strain gauge is about 5mm. 
 
4 CONCLUSIONS 
Stress wave propagation helps in understanding the 
behaviour of a material subjected to impact load or 
collision. The results obtained from the analytical method 
are then compared with the experimental method and 
numerical method. The impedances of the material - ρC 
product determine the amplitude of transmitted and 
reflected signals. A pulse of the same sign as the 
transmitted signal is reflected. Both analytical and 
numerical values closely resemble. It is now clear that the 
impedances of the material and geometrical product ρCA 
determine the amplitude of transmitted and reflected 
pulses. When (ρCA) sheet > (ρCA) casing, a pulse of the 
same sign as the incident pulse is reflected. For future work 
the irregularities in the material could be found out by 
knowing the velocity of stress wave propagation. This could 
be done by providing notches and also by changing the 
thickness of the sheet metal. This experimental setup can 
be used to study the effect of variable thickness in the 
sheet metal. For this strain gauges have to be installed in 
both sections. 
 
5 REFERENCES 
[1] MARC.A.MEYERS, “Dynamic Behaviour of materials”, 
JHON. WILEY and SON INC,1999.in VCH(SEM)Pg. 45-60 
 
[2] M. Sadighi & T. Pärnänen & R. C. Alderliesten & M. 
Sayeaftabi & R. Benedictus, “Experimental and Numerical 
Investigation of Metal Type and Thickness Effects on the 
Impact Resistance of Fiber Metal Laminates”, Appl. 
Compos Mater (2012) 
 
[3] R.L. Veldman, J. Ari-gur, c. Clum j. Folkert, “Effect of pre-
pressurization on plastic deformation of blast-loaded square 
aluminum plates” 8th international LS-DYNA users 
conference. 
 
[4] Dr. L A Louca and J. W. Boh, “Analysis and Design of 
Profiled Blast Walls”, Imperial College London for the 
Health and Safety Executive (2004). 
 
[5] Stephen D. Boyd, “Acceleration of a Plate Subject to 
Explosive Blast Loading - Trial Results”, DSTO 
Aeronautical and Maritime Research Laboratory (2000). 
 
[6] K. Spranghers & D. Lecompte, “Material characterization of 
blast loaded plates”, 9th National Congress on Theoretical 
and Applied Mechanics, Brussels (2012). 
 
[7] Y.S. Tai, T.L. Chu , H.T. Hu & J.Y. Wu, “Dynamic response 
of a reinforced concrete slab subjected to air blast load”, 
Theoretical and Applied Fracture Mechanics, Elsevier 
(2011). 
 
[8] CM Seddon, K Moodie, AM Thyer and M Moatamedi, 
“Preliminary Analysis of Fuel Tank Impact”, Stress Analysis 
Research Group, Institute for Materials Research (2011). 
 
[9] J.F.A.M VAN HOOF, “One and Two dimensional Wave 
propagation in Solids”,WFWreportnr 94-155. 
 
[10] NICHOLAS J.CARINO “Stress wave propagation 
methods”. 
 
[11] Rui Li, Li Zhou and N.Yang (2010) “Experimental 
verification of a structure damage identification technique 
using reduced order finite element Model”. 
 
[12] S.A.Adewusi and B.O.Al-Bedoor (2002) “Experimental 
study on the vibration of an overhung rotor with a 
propagating transverse crack”. 
 
[13] G.Weisbsheet metal and D.Rittel (2000) “A method for 
dynamic fracture toughness determination using short 
beams. 
-0.5
0
0.5
1
1.5
2
2.5
3
3.5
4
σI σT σR
st
re
ss
 in
 N
/m
m
^2
time in sec
analytical
numerical
